Abstract. This work is developed within the scope of rehabilitation technology to enable blind and visually impaired persons read non-Braille material commonly available in digital form to normal-vision readers. This approach, therefore, tries to broaden the reaching capacity for these persons and, thus, allow for better inclusion in social, work, educative and even leisure activities. Specifically, it is devised for reading any kind of text in digital form -books, files, documents, Internet information and exchanges, etc.-that can be loaded in a PC to be later read on the devised Braille reading line. It consists of a string-like platform of electrodes that simulate, through tactile electrostimulation, the letter characters displayed in Braille fashion. Finger-tip feeling from these electric discharges is caused by stimulating the skin nerve receptors underneath the tip. These electric discharges produce a similar effect as when reading embossed-type characters of traditional Braille-relief paper material. After design and development, experiences were made with blind persons, with fairly satisfactory results. At present, further work is under way in order to improve the system.
Introduction
The present work is developed within the framework of rehabilitation technology, which is defined as the technology area that selects, design and develops assistive devices to be used by impaired persons. The World Health Organization (WHO) defines a deficiency as "any loss or abnormality of the psychological, physical, anatomical or functional structure". An impairment condition occurs when deterioration leads to "impairment for executing an activity in a way considered normal for human beings". Human beings have two primary abilities: feeling and perception. If a deteriorating state arises in one or both functions, it will be necessary to use sensorial aids. If there is a sufficient residual function in the primary sensorial system, this can be assisted by the augmentative sensorial input in order to render it useful for the person. On the other hand, when the residual sensorial capability is not sufficient, the sensor assisting tool should take an alternative approach. Two main problems for the blind and severely vision impaired persons are access to information and restrictions on mobility and orientation. Numerous solutions are available for reaching information through optical, electronic and other means [3] . Mobility, on the other hand, is a significant problem for the blind individual. As a normal response, all other senses increase their acuteness to detect smells, sounds, air drafts, textures, temperature changes, and the like, so as to alert the individual 1 To whom any correspondence should be addressed. about the characteristics of the surrounding environment. The striking difference is that if he reads wrongly a word, this will lead to a loss of information, whereas if he makes an error in orientation or in mobility action, he may cause an accident to himself and/or to other persons. Seen from another viewpoint, normal activities can be classified into three groups: daily life activities (personal care, -taking a shower, washing oneself, etc-, dressing, eating, etc), production and work activities, and leisure and pass-time activities. Visually disabled persons are exposed to risks when performing said activities: unexpected obstacles in known environments, difficulties in orienting and finding references in open spaces, and other problems. In order to handle these risks and problems, the field of Rehabilitation Technology contributes with general and specific solutions. For instance, there are various solving approaches for the mobility problem [3] , with devices that range from walking canes to electronic devices for mobility assistance, the so-called Electronic Travel Aids -ETA. When developing technological devices for the blind, the information means is through touching or hearing. For the former sense, tactile displays -i.e., interfaces that render information through the perceptive nerves of the skin-can be developed [4] . These actuators can stimulate the nerve receptors through pressure, vibration, electricity, heat, and other physical means. This work describes an aiding device for mobility and orientation for blinds and severely vision handicapped persons performing leisure and pass-time activities. Specifically, it is a communications system to render information to the individual doing figure skating by means of a wireless link and a tactile display using small vibration motors. Although the literature has presented devices that use various actuators fixed to different parts of the body, we have not found any application for the specific activity problem this work is devoted to. Since figure skating demands great mobility and attentive concentration to the music by the performer, it was opted for employing mechanical vibration stimulation. Vibration motors are powerful actuators that produce clear, well-defined stimuli during the choreographic performance of the skater.
Design and development of the assisting device
This work describes a device of assistive technology designed for visually impaired persons to perform leisure and pass-time activities. The purpose is to solve the specific problem of a teenage girl doing figure roller-skating. Through a tactile display, the device shall render sufficient information to orientate the girl in the rink, helping her avoid collisions and allowing her participation in team figure skating.
In previous stances, the skater wore wireless earphones to receive the instructions radioed by her trainer, though the environmental noise was captured as well. This system prevented her from listening well the choreographic music and, therefore, was not able to achieve proper synchronization in her motion. On the other hand, the fact of wearing the earphones prevented her from contesting in the professional league because of rule limitations. The basics arrangement of the device has three parts: transmitter, receiver and tactile display ( Figure  1 ). The transmitter, handled by the trainer, sends via radio signal the coded commands to the skater's receiver. Upon receiving this signal, the receiver decodes and activates the tactile display in order to give notice to the skater. The small-size vibrating motors render precise information both quickly and efficiently, even if the skater is moving constantly. The trainer issues information through four channels that are in correspondence with four motors placed on the body of the skater, who is thus guided to keep or modify her motion according to a set of previously established commands. Figure 2 shows the totally assembled equipment. The receiver is fastened to an elastic band which also holds the motors. The elastic band was selected for better fitting to the person's torso and, thus, attain a closer contact. The transmitter is featured by four pulsers, signalling (blinking lights) and the antenna. 
Description of the drives.
The basic and operative unit of the tactile display are the actuators, also called tactors, which generate a tactile stimulation effect. [5] The actuators used for the tactile display feature a dc vibration motor that works with an eccentric weight attached to its axis. When it turns, the compound creates a centrifuge force that is transmitted through the frame as a vibration felt by the user as a direct contact on the skin or through thin or regular cloth. Two different vibration drive types were evaluated: longitudinal drive and button-drive. From the preliminary results the button-type motor was chosen (Fig 3) requirements: it is light, small, low-power demand, physically discreet, almost inaudible and light weight. 
Location of drives.
Preliminary experiences made with normal vision and blind persons allowed recording different perception of drive actions and their resolution for various parts of the body. Figure 4 shows the holding sleeves for the drives and excitation circuit. The firstly chosen arrangement according to the above-cited results has four evenly spaced button-type drives around the waist (back, front, left and right sides). During evaluation tests, problems arose in determining clear stimuli while skating which were caused, in part, by the transmission of mechanical vibration in the power input wires to the drives and to the band. After considering these problems the final arrangement was chosen as in Figure 5 . Figure 6 presents the electrical circuit of the transmitter. Transmission is made via a four press-button pad to indicate left, right, forward, backward. The buttons are connected to four inputs of an encoder whose digital output is sent to a market available transmitter. When pressing the buttons (the device allows for simultaneous pressing), the signal is sent to the receptor which in turn actuate by powering the respective drives. The receiver that matches the transmitter receives the digital signal and sends it to the decoder that allows recovering the information pressed on the button pad. Each output is connected to a power stage that allows activating the motors. The general scheme of the arrangement is shown in Figure 7 . Both the receiver and the transmitter have a circuit to recharge the batteries. When the receiver loses information from the transmitter, it activates all four motors simultaneously, thus alerting the person on the lack of information. 
Transmitter.

Preliminary Tests.
In a first instance, sensibility and resolution tests were carried out on the vibration motors as describer in the previous section. Then, experiences were made to evaluate the selective sensibility of the drives while skating, and to assess their location and the range of the communications system. For this, the belt-like band containing the actuators, altogether with the receiver, was worn around the waist. Firstly, and without skating, the activation of each motor was tested, giving good operative results. Then, while skating, it was evaluated and verified that when activating the drives, they were not detected selectively. The main cause lays on the transmission of mechanical energy to the remaining parts of the structure, The feeding cables and the band caused vibration in the remaining parts of the tactile display, without clearly defining the activated motor. In order to save the above inconveniences, the first solution opted for was to change the position of the motors. From the analysis of experiences, it was inferred that the power cables can not run through the same place. Besides, it was also decided to change the place of the lateral actuators by lifting them on the torso, supported from shoulder straps, as noted in Figure 5 . This change allowed a proper detection of the drives. The motion of the drives also caused some unpleasant feeling at first (tickles), but the person soon got accostumed to this feeling. The ranking test showed, at first, loss of communication at just few meters away, which caused the receiver getting stuck on the last incorporated order. To improve the range, the characteristics of the receiver antenna was improved, and the transmission power was increased as well up to the maximum rating allowed by the transmitter, The range was thus doubled and the transmission covered in excess the entire skating rink.
Final Development.
Upon finishing all changes, the testing of the final device proved the increase of range and the selective stimulation of each motor. Then, a set of orders was defined for use between the skater and the trainer in order to attain a proper routine on the rink. Table 1 shows the commands and coding of drives.
The device was tested both in the training and the contest rinks, attaining highly satisfactory results. Figure 8 depicts both instances. 
Conclusions
The device developed in this work meets the requirements stated by the trainer and the skater. The design and development of the prototype involved the theoretical study of tactile displays, in general, and of the vibrating drives, specifically. A second phase implied evaluating the various practical alternatives to solve the problem. Alternatives with market-available components were tested, along with those of laboratory design for the communications system. A simple development was finally reached, though with a solid theoretical study and analysis of practical solutions. Both the trainer transmitter and the skater receiver are of compact make. The tactile display is comfortable to wear and aesthetically disguised by the skater outfit. The operation is optimal because it meets the objectives, allows for a proper performance and a continuous use during training and in public appearances. This assisting device allows the blind skater listing the choreography music as well as receiving the trainer order for mobility and orientation through tactile means. In addition, it allows the skater to participate in professional skating contest and to perform in team choreography. Both the skater and the trainer have expressed that the device has notably increased their performance, safety and selfconfidence during skating.
